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Tomato Greenhouse, Leamington, Canada
Outside -10 C; Inside +20 C
 In Canada, energy accounts for approximately half of 
greenhouse operating expenses
 From 2000 to 2006 cost of heating a greenhouse 
( 20,000 GJ/ha) increased from ~$10/m2 to ~$25/m2
Is Biomass the answer?
Over 640 PJ/a of biomass energy is currently used in 
Canada representing approximately 6% of Canada’s 
primary energy consumption
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Pulp mills account for 80% of bioenergy use
Biomass Energy for Greenhouses
Province PJ of Heat 
Required
Wood 
Residues
Available
Quebec 6.9 29.4
Ontario 29.4 8.1
British 
Columbia
13.8 37
All units are in PJ/a
CanmetENERGY Project Objectives
 Evaluate alternate fuel (i.e agricultural residues) 
availability including cost and security of supply
 Identify fuel pre-treatments and handling needs
 Identify and test commercially available 
conversion equipment (1 – 10 MW )th
 Evaluate fuel performance [emissions]
Cereal Straw
 Cereal straw is the dry stalk of a cereal plant, left behind in the field 
after the grain (wheat, oats, barley, rye) or seed has been removed.
 It's the most abundant of all agricultural residues in Canada
 Between 1994 and 2003 on average about 20 million hectares of 
land were seeded to cereal crops across the Canadian prairies 
resulting in production of 37.3 million tonnes of straw annually, on 
average. The annual amount of straw varies with the success of the 
crop. 
 Not all of that straw is available as a biomass feedstock. Some 
straw needs to be left on the field after harvest to help prevent soil 
erosion and maintain nutrient levels. Also, a lot of available straw is 
baled for use for feed and bedding for beef and dairy cattle.
 After alternate uses the Canadian prairies produce just over 15 
million tonnes of cereal straw every year which could conceivably 
be used as a biofuel. 
Corn Stover
 Corn stover is what remains on the field after corn has been 
harvested. It consists of approximately 50 percent stalks, 22 percent 
leaves, 15 percent cob, and 13 percent husk.
 Currently, most stover is plowed into the soil, with less than five 
percent baled for animal bedding and feed. The rest is left on the 
surface to help retain soil moisture and control soil erosion.
 Typically, about one tonne of corn stover is produced for every tonne 
of grain corn harvested. Canada produces, on average, 8.6 million 
tonnes of grain and around seven million tonnes of stover. 
 Some stover must be left to maintain soil nutrient levels, minimize 
erosion, and retain moisture. It is generally assumed that 
approximately 50 percent of stover could be safely harvested from 
Canada's corn fields.
 Based on that assumption, harvestable corn stover in Canada would 
average 3.5 million tonnes, per year, making it another potentially 
substantial source of biomass feedstock.
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Over 640 PJ/a of biomass energy is currently used in 
Canada representing approximately 6% of Canada’s 
primary energy consumption
Approximately 20 million tonnes of agricultural residues 
are “available” in Canada for bioenergy uses representing 
Agricultural Residues Potential
approximately 350 PJ/a
Biomass Energy for Greenhouses II
PJ of Heat Available “Provincial” Residues
Required Agriculture Forestry MSW C&D
Quebec 6.9 5.4 29.4 62.1 9.6
Ontario 29.4 18.8 8.1 66.4 11.7
British 
Columbia
13.8 0.4 37 22.9 4.2
All units are in PJ/a
Potential Fuels Evaluated
Bulk Density (as rec’d)       Handling
kg/m3 Properties
 Off-Spec Beans 954 Easy
 Oat Hull Pellets 747 “
 Dried Distillers Grain 617 “
 Corn Cobs 200 OK
 Oat Hulls 130 OK
 Flax Shives 193 Difficult
 Corn Stover 192 Difficult
 Wheat Straw 120 Difficult
Biomass Combustion System
Critical for Success
Baling increases density but requires handling equipment
Ely
Baling increases density but requires handling equipment
Baling increases density but requires handling equipment
Pelletizing increases energy density and facilitates handling
Ontario Power Generation has just issued a 
Request for Proposal to supply 2 million tonnes 
of biomass per year for co-firing with coal within 
2 years – PELLETS ONLY PLEASE!
Biomass Composition Effects
 CHO – combustion performance
 Nitrogen - affects NOx emissions 
 Sulphur - affects SO2 emissions
 Chlorine - boiler corrosion
- catalyst poisoning
- high Cl can result in dioxins&furans
 Phosphorous - promotes slag formation
 Heavy Metals   - not destroyed by combustion
 Ash - potential fouling and slagging
DDG Beans WOOD Wheat_S Flax_S Stover Cobs
8.95 13.38 6.3 9.63 10.0 0.2 8.0
4.44 4.06 0.2 6.49 2.8 12.0 1.4
72.74 67.37 78.2 66.11 78.0 71.6 78.3
13.87 15.19 15.2 17.77 9.2 16.2 12.3
45.86 39.56 53.6 41.47 49.5 41.6 42.6
6.15 5.48 6.0 5.04 6.1 4.8 5.2
4.32 3.68 0.2 0.47 0.4 0.8 0.4
0.62 0.23 0.1 0.07 0.1 0.1 0.2
29.66 33.61 40.2 36.83 31.1 52.7 35.9
Volatiles
Fixed Carbon
Carbon 
Moisture 
Ash       
Proximate Analysis (WT%)
Hydrogen
Nitrogen
Sulphur 
Oxygen 
Calorific Analysis (ISO 1928) Dry
Ultimate analysis (WT%)
20.01 16.11 19.7 16.19 19.4 16.1 17.2
8604 6926 8460 6962 8322 6909 7405
SiO2 wt% 0.28 3.29 1.0 73.7 7.7 70.3 12.1
P2O5 wt% 35.42 27.76 0.9 1.0 2.5 0.7 2.8
CaO wt% 0.35 5.48 17.7 1.6 16.3 2.9 1.4
MgO wt% 9.37 7.01 1.9 1.5 7.5 1.8 1.7
Na2O wt% 6.67 <0.20 4.6 0.1 2.1 1.0 <0.20
K2O wt% 21.63 39.82 6.0 7.8 28.4 8.4 47.2
1367 193 219 107 757 3943 2907
<12 <14 <15 <14 <11 <15 <11
Total Chlorine 
Total Fluorine 
MJ/Kg
BTU/LB
Major and Minor Metals
Halogens (ug/g)
SG-Fall SG-Sprng WOOD Oat_H_P Wheat_S Stover Cobs
7.9 9.2 6.3 10.1 9.63 0.2 8.0
3.6 6.8 0.2 6.46 6.49 12.0 1.4
74.1 76.8 78.2 75.51 66.11 71.6 78.3
14.5 16.4 15.2 7.93 17.77 69.0 12.3
44.4 47.5 53.6 46.03 41.47 41.6 42.6
5.6 5.7 6.0 6.34 5.04 4.8 5.2
0.4 0.9 0.2 2.16 0.47 0.8 0.4
0.1 0.1 0.1 0.19 0.07 0.1 0.2
38.1 42.4 40.2 35.18 36.83 52.7 35.9
Calorific Analysis (ISO 1928) Dry
Hydrogen
Nitrogen
Sulphur 
Oxygen 
Volatiles
Fixed Carbon
Ultimate analysis (WT%)
Carbon 
Proximate Analysis (WT%)
Moisture 
Ash       
17.5 18.5 19.7 18.7 16.19 16.1 17.2
7508 7949 8460 8027 6962 6909 7405
SiO2 wt% 64.5 57.2 1.0 28.3 73.7 70.3 12.1
P2O5 wt% 4.0 3.2 0.9 26.3 1.0 0.7 2.8
CaO wt% 7.3 13.7 17.7 8.5 1.6 2.9 1.4
MgO wt% 3.4 2.9 1.9 9.1 1.5 1.8 1.7
Na2O wt% 0.3 0.7 4.6 <0.20 0.1 1.0 <0.20
K2O wt% 7.1 6.6 6.0 18.3 7.8 8.4 47.2
760 331 219 624 107 3943 2907
<14 15.0 <15 <12 <11 <15 <11
Halogens (ug/g)
Total Chlorine 
Total Fluorine 
MJ/Kg
BTU/LB
Major and Minor Metals
There are  number of suppliers of furnaces in the 
required range are available (1 – 10 MWth)
Selected three models for testing based on growers 
who had already installed units:
A. Stoker (designed for coal)
B. Moving Grate (designed for coal)
C. Stepping Grate (designed for wood w. mods)
No emissions control was installed on any unit
Flue Gas Analyses (Oat Hull Pellets)
Industrial Furnaces – Key Elements
Testing was performed at standard furnace conditions set by supplier. 
Note: Furnace A exhibited severe fouling.
Furnace A - Combustion Chamber Fouling
Requires Daily Cleaning
All Fuels Tested in Furnace C:
 Feed at small scale (1 MWth) was a significant 
problem for non-pelletized fuels
 Adjustment of primary and secondary air ratios 
allowed optimization of emissions 
 CO levels below 100 ppm were achieved for most 
fuels
 VOC levels below 100 ug/m3 were achieved for 
most fuels (corn cobs exhibited very high VOC 
emissions)
 Particulate emissions were generally over 200 
mg/m3 and require secondary control measures
Switchgrass pellets  - furnace temperature 950 C
Switchgrass pellets  - furnace temperature 1055 C
Standard ASTM ash fusion test is not
a good indicator of biomass ash behaviour
Switchgrass pellets  - furnace temperature 1055 C
Overfire / underfire air 
was optimized to 
reduce emissions and 
minimize ash clinkering. 
Reduced underfire air 
results in lower 
temperature on the 
grate and consequently 
less clinkering. 
The increased overfire 
air ensures complete 
combustion thus 
reducing emissions.
Agricultural Residues - Summary
 On a mass basis (per kg) they have similar energy content 
to wood and other biomass fuels
 Have very low energy density and require special handling 
equipment and/or densification for combustion in 
conventional furnaces/boilers
 Have higher ash (and alkali) content than wood and thus 
require adaptation of furnace design and or operating 
conditions to minimize ash clinkering/fouling
 Harvest timing can reduce “problem causing” elements
 As with other biomass fuels, these fuels have high 
volatile/low fixed carbon content and thus require 
appropriately sized combustion chambers to achieve 
complete combustion (and low emissions)
 Corn Cobs and Stover are not recommended due to high 
chlorine content (High VOC’s also found for Corn Cobs)
Thank You!
Agriculture residues have wide-ranging and diverse 
properties and highlight the need for standard 
characterization protocols for biomass fuels especially in 
regard to suitable unit design and ash behaviour.  
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